WO 03/ 048454 PCT/ US02/ 37898 PAPERMAKI NG PROCESS USI NG ENZYME- TREATED
SLUDGE, AND PRODUCTS BACKGROUND OF THE I NVENTION 5 The present invention
rel ates twopapesssmki ng processes and products made from t PETASOPBBEESSES.
More particularly, the present invention relates to papernaki ng processes
wherein sludge generated from a papermaking process is recycled in the
sane process. The manufacture of paper nvolves bl ending, in water, a pulp
material (generally wood fiber) with f|1lers such as clay, and ot her

additives to create ck [r herein as a
pul p. The pulp is t %g@m&gg&%@ ﬁgEﬁ‘i‘ ne to forma
sheet. The water is then extra and the sheet is then

pressed and dried, thereb fornlno a paper product. The drai ned water
contai ns arBAGKGROUND QK] & material. This material is
collected for later proce55|ng, homever the recovery is usually not

conpl et &.  Di scAReB@sSHhIEeNtSN redFies thpsrsFRakIngRIgcessapmindrhaeuety rna%tﬁ%'é these
generally transported to a waste 15 treatment facility where

sti || - r emmiRi¢oagsess Harel gartieulyyly, the peesent frperfiogiefates 1o paperakiag ipecessesayhersienpyed.
The cl eaned water is discharged back into the environnment or conmuni cated
back to theludgagrarmisitiing anapereeking preceseis seeyclalin dhe samaanoessing, the sol i ds
are contained in a concentrated, typically 40% 60% sol i ds, papernaking -

sl udge. The nui iThe oapdamtyre of pibertinyoives blacfjeg, &r watér ppulp maggriel (etrasplly Wopdr
material. This sludge is usually disposed of by burying in landfills, 20

| andspr eadifibgr) vwoth fillesi sueh as ¢lmg andSother agdipess nakneaig) a piodc gdesemixtuec yeddred to

paper maki ng sl udge, however, this has been found to adversely affect

Si zi ng BNd lesirs® aspulie Thepelpss then procesizd pleoughla pagerniaking inraghing e ffemsa sheett he
ability of paper or paperboard to resist water adsorption, water

penetrat i ONfheGYatd? G4 bhen 'eSiratedrona ke Ghéce bRt the tshees isztheigpregbd andadirted, the@byg
conposi tions, and sizing additives, such as an al kenyl succinic anhydride
(ASA) si zi NgriRg & Fhided bﬁUﬂuctVWll%'ldrSTné’d Wil Gontadstan AoumMGofefibRARRY fTRK ina@riglt ocess,
or during storage, printing,

This material is collected for later processing, however, the recovery is usually not complete.

Discarded material and material not captured for reuse are generally transported to a waste

15  treatment facility where still-remaining solids, e.g., the fibers and filler materials, are removed.

The cleaned water is discharged back into the environment or communicated back to the

papermaking process for reuse. After dewatering, the solids are contained in a concentrated,

typically 40%-60% solids, papermaking sludge. The main components of this sludge are fibers

and clay filler material. This sludge is usually disposed of by burying in landfills,

20 landspreading, or incinerating. Some papermaking processes recycle papermaking sludge,
however, this has been found to adversely affect sizing and cause size reversion.

In papermaking, “sizing” refers to the ability of paper or paperboard to resist water

adsorption, water penetration, or both. “Sizing” also refers to sizing materials, sizing

compositions, and sizing additives, such as an alkenyl succinic anhydride (ASA) sizing

25  emulsion. When sizing is lost during a papermaking process, or during storage, printing,



WO 03/ 048454 PCT/ US02/ 37898 -2 processing, or converting, the loss is
referred to as a "size reversion." Size reversion may occur w thout the

| oss of swping4s¥set eri al. Extractabl es, hydrolyzed sizi ngpCorushos139s can
mask sizing in the paper or paperboard product wi thout a | oss of sizing
material. In sone processes, extractables in the product pronote the |oss
of sizing. In 5 processes where papernqgjng sludge is added back into the
paper maki ng. process, significant anounts of sizing nmaterials can be |ost
and increased size reversioF Fccur . ghe addition.of,different additives
and cert ai R PFELESYiRY EORAT OE)Srf%reiea{ﬁ %8 AEREYLEY  affect sizing and

i ncrease sizing_reversion. The addition of .recycled slu in.a er maki ng
b oceas of t en | SiF GERISE Miay O Us Ao Yo o SERUTER T EA T R BgPRRRL T o f of
a papermaki ng process, particularly a proces erej n paper nmaki ng . .sl udge
i's recycl ed4m Pheoth R 8L SitRgIn hF ReRFY 2&8%&’8%% ugip oyt Rlshaterne i n
the resul tant _ paper or paperboard product, and m nim zes size, reversion.
SUMMARY OF W‘aFWWFW%SSCSF@‘rW@%“éW PEPEIHFLORTOBPEVIE eSS LT o d b
maki ng paper or paperboard that includes conbining at _ |east one enzyme
conposi Pi oPreacayhere ppemike shdes ireldaddagh intngde pperenkingaiocessn ilgfl‘fﬁcat“%/eat ed
sl udge, and subsequently conbining the enzyne-treated sludge with a

paper maki ngmeuntp of sizieg aenakecap berosiaAnt insreassel eze PPN pegyrsat | east one of

| i pase activity and cellulase activity, and may preferably have cel |l ul ase
and heni cel | ul adbe adstitiopiof Jifferhieadditiyssrand o@tainrpsedessthesuditens camalsseadsiersidyl  at
any of several points of addition in a papernmaking system including at or
prior to thEetiemitigomd dfcreateesizngsreeansionl heheradditibn pirgeyplet pludge is tapepgrmaking

i ncludes the enzyne-treated sludge, is subsequently forned into a sheet of
pul p from vwindcess oftep mpeduces suclpajdeivboarcdnditamduct i s produced. Preferably, the
resul tant paper or paperboard product exhibits inproved sizing, sizing
retentilon, and mnesdes tans Griagapérmekingp@tas, Particularly a process wherein papermaking

sludge is recycled in the process, that minimizes the loss of sizing material in the resultant

paper or paperboard product, and minimizes size reversion.

SUMMARY OF THE INVENTION

15 The present invention provides a method of making paper or paperboard that includes
combining at least one enzyme composition and at least one papermaking sludge to form an
enzyme-treated sludge, and subsequently combining the enzyme-treated sludge with a
papermaking pulp. The enzyme composition preferably has at least one of lipase activity and
cellulase activity, and may preferably have cellulase and hemicellulase activity. The enzyme-

20 treated sludge can be added at any of several points of addition in a papermaking system,
including at or prior to the headbox of the system. The resulting pulp or stock, that includes
the enzyme-treated sludge, is subsequently formed into a sheet of pulp from which a paper or
paperboard product is produced. Preferably, the resultant paper or paperboard product exhibits

improved sizing, sizing retention, and resistance to size reversion.



WO 03/ 048454 PCT/ US02/ 37898 -3 The present invention also provides a

paper maki ng system for carrying out the above- described nethods, paper and
paper boarwopBmetsst s nade according to the nethods and/ or WCrhSo/BmIsyst em
and enzyne-treated sludge additives for papernaking processes. It is to be
understood that both the foregoing general description and the following 5
detail ed description are exenplary and explanatory only and are only
intended to provide a further explanation of the present invention, as
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Figure 1 |s a graph show ng the t hat an enzyne-treated sludge has on
the sizi ng hopStemag éPZym"d%ﬂ SIH&ﬁég‘t‘cﬂS}“’é?‘Br%%%k RBi%E*hg to an enbodi ment
of the present |nvent|on q is a graph showi ng the effect that an
enzyme-treated & @dy8e HA rS(S‘P?d Pﬂéb§fhz‘ihﬁ§‘f’ri@“”t$fgeaerﬁ]a‘i’fé?“%‘%)é%fherfﬁwlb%/ a
process according to an enbodi nent of the present invention; Fig. 3is a
graph s ﬁowqqtgll%geswﬂe@ Atearyemplaryand saplpmatasy splygng Areonbaipiendssy iRtidenade by
a process according to an enbodi nent of the present invention wherein
| i pase- t r edbrehgr exrignationsddithypresenidaeention. anelaimsdr dhercpmpasying deanararhioly pul p
used to nmake the product; and Fig. 4 is a graph show ng the percentage
i ncrease |mr%lmqrpfgatﬁﬁlnaané&p@ﬂﬂtwtﬁmmmf thig éepliggtion2idlugirater sgvasel smpodioents 0§ t o an
enbodi nent of the present invention wherein |ipase-treated papernaking
sl udge i s itmcpregot atveationrand tegefwp avithedesanigtipn sprve se dxpilon gk prirtichpdespofableict . WO
03/ 048454 PCT/ US02/ 37898 -4

present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS
Figu‘re 1 is a graph showing the effect that an enzyme-treated sludge has on the sizing
of a paper product made by a process according to an embodiment of the present invention;
Figure 2 is a graph showing the effect that an enzyme-treated sludge has on the sizing
15  ofa paper product made by a process according to an embodiment of the present invention;
Fig. 3 is a graph showing the percentage increase in sizing in a paper product made by
a process according to an embodiment of the present invention wherein lipase-treated
papermaking sludge is incorporated into a papermaking pulp used to make the product; and
Fig. 4 is a graph showing the percentage increase in sizing in a paper product made by
20 a process according to an embodiment of the present invention wherein lipase-treated

papermaking sludge is incorporated into a papermaking pulp used to make the product.



DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON The present invention

provi des net hods of maki ng paper or paperboard. According to the present

i nvent i onwoaB/oksaast one enzyme conposition is conbi ned w PaTAIS0Y/B®m3E one
paper maki ng sludge to form an enzyne-treated papernaki ng sl udge. Herein,
the treated sludge 5 is referred to as an "enzyne-treated sludge." The
enzyne-treated sludge is subsequently agded to a papermaking pulp in a
paper maki ng system Herein, the phrase "papernaking pul p" refers to

paper maki n | ps K i t ock ~Rap pking furnishes. The
enzyne-treiﬂ&ﬁgigﬂhﬁgge1a §;:.giéL'§§§Eu lhgéﬁf. thor recycled to a

paper maki ng system from which the sl udge_was. generated. Wether the

paper maki ng sl u85%Pf@%fnblévet“fl%t)@aﬁ?%maﬁ?ﬁg ng“ég‘"g P ‘PrH@pTB‘)aé‘gl‘?éC?ffi'% &s to
whi ch the enzyne-treated sludge is added, or froma different process, the
resul ting [Pif PrescshtidieAtiony a HeaSto ARy RREYINE LQIMPESIUON, iy eomtinedniih 136 17ASH Mt 0 a
paper or paperboard. product according to the present invention. Paper and
paper boar d pmmmmgsl@@e&@mgn ergymerteatedynapepaking gudae; Bereipsths watadislidescni bi t
excel l ent sizing, sizing retention, and resistance to size reversion. The
met hod &f tiswsfeped treastan ‘enzene-reniedsiild b e Th aeyme teptesisludgn penrscansatly added
papermaki ng 15 nachines with nodifications that can be made in view of the
present deser papeinmkingTiulp ip e esrenmakingsesien.dierein.gbe phedsairapenmakiag pylnerefareat ed
sludge that is useful as an additive for a papernaking process and that

pr ef er abl y to papreovakingsputpsn ggpesnakinggtocks, emt paparmaking fnmishest Ahe enzyinertrsited
reversion in a paper or paperboard product made according to a process of

t he pr esentsludganisgmreficablyvddidehback iito e secytial nz paperrakaat sters| fuagevhicitthe
present invention further relates to 20 nethods of meking such an

enzyne-t r eatudge $hslg@erateihwhemedbe papefmdking qudes embe krvatehisigoneraeh fremphoy, and
the products of the present invention can contain, many different types of
paper maki NGame bRk t€ MithnRd émnge-tritddedidge Foidde@xamphea diffteenpplopess,ahie
conprise virgin and/or recycled pulp, such as virgin sulfite pul p, broke

pul p, har dweain 'balgtcoﬂﬂihﬁn Qi yROekatet afutlgdliv kien el Ui@s paer SyBPerboskds, and
the like. The 03/ 048454 PCT/ US02/ 37898

product according to the present invention. Paper and paperboard products according to the

present invention preferably exhibit excellent sizing, sizing retention, and resistance to size
reversion. The method of the present invention can be practiced on conventional papermaking
15 machines with modifications that can be made in view of the present description.

The present invention also relates to enzyme-treated sludge that is useful as an additive
for a papermaking process and that preferably improves sizing, sizing retention, and resistance
to size reversion in a paper or paperboard product made according to a process of the present
invention which utilizes the enzyme-treated sludge. The present invention further relates to

20  methods of making such an enzyme-treated sludge.

The methods of the present invention can employ, and the products of the present
invention can contain, many different types of papermaking pulp or combinations thereof. For
example, the pulp can comprise virgin and/or recycled pulp, such as virgin sulfite pulp, broke

pulp, hardwood kraft pulp, softwood kraft pulp, mixtures of such pulps, and the like. The



-5 addition of enzyne-treated sludge according to the present invention is
particularly well-suited for use with Iinerboard pul ps wherein sizing is
gener al | ywomsm4sasd ti cal than with many other paper and pap@rusozs19s
products. According to the present invention, sizing material is preferably
added to a 5 papermaking pulp to inprove sizing in a paper or paperboard
product made fromthe pulp. To inprove_sizing, by retaining sizing
material in the finished paper or paperboard product, and/or to inprove
resi stance to size reversion, enzy ;trqﬁted sl udge i s added to Lhe ulp
accor di ng ditiemel prerssirgated st 1gardingfonngressat WysapY ispRRculaWgsiittied t o
a papermaki ng pulp include, but are not Ilimted 10 to, conventional sizing
addi tives. TRSme NIt lingroennd| nuins ihessinesizing isigenaralby porg ceitica) thap vathdnanywther nci ude
t hose enul sions described, for exanple, in U S. Patent No. 5,962,555, which
i s i ncor poeesreed papeEPHd Predigts entirety by reference. Another exenplary
sizing material that can be wused is alkyl ketene diner (AKD sizing) and
the |ike. The siAztaidinadii theyeregeah iBGntQs rfizdnehanateriahgs cupfengbly #ided dasa a
sizing material, such as, for exanple, surfactants. 15 To size paper using
an ASA $i zipapereakihgpulp to ifripeove singiirompaper qupafeetoatsl pyodudideaiedirohepulp-ho paper
sheet formng step in a papermaki ng process. The sizing enul sion may be
added as fimprobasiking by actpaipe sinmk magriglrio the $igishes] faber or hapeibosrtd pukyctantl/or s
preferably added just before the headbox of a papernmaki ng machine. As is
known i n theimprbye @sisthrtie ng sieenehvasion estyoettcbatod sindgheid added ts thelpulp anaydihg

i nsure proper distribution on the fibers. To insure proper distribution,
the 20 si zitothepragésimventivan preferably be diluted to from about 1%to about
3% solids, based on the dried solids weight of the emulsion, then added
before the scregpsglhatb@dls fAktrgan belsdded td DpapednadkiQ pufplih@ludd, biitraye dliditedg t he
head box. O her anmounts can be used. This dilution, followed by dispersion
by the gecr agn@nandb sfzaR dauiftiPes. BASIS sizheHnfllsidneud ptidulely Sreferid @EWwhsi on to
achieve wuniformdistribution on the figers.

include those emulsions described, for example, in U.S. Patent No. 5,962,555, which is
incorporated herein in its entirety by reference. Another exemplary sizing material that can be
used is alkyl ketene dimer (AKD sizing) and the like. The sizing additive can contain other
ingredients besides a sizing material, such as, for example, surfactants.

15 To size paper using an ASA sizing emulsion, the emulsion is preferably added before
the paper sheet forming step in a papermaking process. The sizing emulsion may be added as
far back in a papermaking process as the thick stock, but is preferably added just before the
headbox of a papermaking machine. As is known in the art, a sizing emulsion should be added
in such a way to insure proper distribution on the fibers. To insure proper distribution, the

20  sizing emulsion can preferably be diluted to from about 1% to about 3% solids, based on the
dried solids weight of the emulsion, then added before the screens or fan pump just prior to the
pulp slurry entering the head box. Other amounts can be used. This dilution, followed by
dispersion by the screens and/or fan pump, aids in distributing the sizing emulsion to achieve

uniform distribution on the fibers.



WD 03/ 048454 PCT/ US02/ 37898 -6 Orher sizing additives, exenplary sizing
material chem stry, anopunts of sizing additives, sizing additive

i ngredi enwe,03®¥88601g reactions with cellul ose, and net hods pofr/tsdzis378gs si zi ng
additives, that are suitable to forma sized papernmaking pul p useful in
accordance wwth the present invention, are described in U S. Patent No.
5,962,555 which is incorporated herein 5 in its entirety by reference.
According to the present invention, an enzyne-treated sludge is added to a

sized papernmeking pul.p tqQ.i.nprove at |east one of si.zing, retenti.an of

Si 7ing materi al OURR (P POfiiHFe SXAMPIAEY S e TRRERL FhESREE dmopity ol igne
enzyne-treated sludge cgnsists essentially of a papernmakjing slud and an
enzyme conmpgSiiYssotzinpadditive ingedients sizBgsengtionsntithorellileee. premgtheds; Olﬁl\?gﬁf'g on,
the 10 enzyme-treated sludge can contajin from about 50%to about 100% by
wei ght  papeizngiadfigyess thatrie suisble fo i ai5ted Papssmkingauiitseiubinasenidangnvithy

wei ght enzynme conposition, based on the dried solids weight of the.

paper maki nghastrergpfenyertion. ge dsprerbindobrfaent No R, 9631785 Whisp éyinespariedhetidye t hat
is treated to formthe enzyne-treated sludge of the present invention can
be any &f vait$ olsctsbudiescygenerated in a papermaki ng process. The sl udge
can include, 15 but is not limted to, conpositions containing one or nore
types of fibersAsgéording tortheypiesenivisyention,ygre snzymidreated dydse snaddeshtoad §izéd ber s
of one or nore lengths, including fines. Gther materials that can be

i ncl uded i papapekingiilpy isiptgesleasordef sineg rhtent@nrof sinok vderialbantd resiganpot
limted to, ASA sizing materials, hydrolyzed sizing materials, polyners
usef ul for tbkieceuérsibn.nBrefenablyo the eonagtiteated slgddelvengstd gssotialhy efdgeperpakiygrer s
useful as retention aids, stickies, glues, inks, fillers, 20 other

i mpurities siudgimndes\salyett aipesitiondat@atiiy 16 an ambodineitat tha pisent Rapeionpke ng
sl udges, nethods of recovering papernaki ng sl udges, and net hods of

recycling papetdsicdGleibe dgesonierole 66t 3ot tof BbuterodvPbeweibit papspmaliag ent
Nos. 6, 120,648; 5,762, 756; 5,527,432; 5,240,565; and 4, 356, 060; each of

whi ch is i ngREOMHIASRE aBRE 8oyl Whight ® about 50% by weight enzyme composition, based on

the dried solids weight of the papermaking sludge and the enzyme composition. The

papermaking sludge that is treated to form the enzyme-t;eated sludge of the present invention

can be any of various sludges generated in a papermaking process. The sludge can include,

15  butis not limited to, compositions containing one or more types of fibers of one or more wood

types. The sludge can contain fibers of one or more lengths, including fines. Other materials

that can be included in papermaking sludges as defined herein include, but are not limited to,

ASA sizing materials, hydrolyzed sizing materials, polymers useful for flocculating and/or

coagulating the pulp or sludge, polymers useful as retention aids, stickies, glues, inks, fillers,

20  other impurities from recycled paper, defoamers, and surfactants.
Papermaking sludges, methods of recovering papermaking sludges, and methods of
recycling papermaking sludges are described, for example, in U.S. Patent Nos. 6,120,648;

5,762,756; 5,527,432; 5,240,565; and 4,356,060; each of which is incorporated herein in its

entirety by reference. According to an embodiment of the present invention, sludge is taken



entirety by reference. According to an enbodi nent of the present invention,
sludge is taken WO 03/048454 PCT/ US02/ 37898 -7 out of the white water silo
of a papewpakiomgssystemin a clarifier assisted by the usecafusst/smgbe or
dual polymers. The water is reused throughout the papermaking mll while
the sludge is added to the pul per at rates of from about 5 pounds to about
200 pounds per ton of papernaking pul p,based on the dried solids weight of
the sludge and pulp, nore preferably, 5'from about 20 pounds per ton to

bout 100 ton. .Th . iLti . d. f t th
<1 ucge  nmy GhRC Y AR EEHDATe PORAT Sy HRAT Ao enti e e hREbt Pt

enzyne, but preferabl ontains one that has cellulytic activjty, such as a
cel | ul ase é’ﬁiiyﬂé’.o{y“ﬁ ePhectigan Eeed tgrehout e apsppa ‘P‘B‘nﬁh‘kstl‘? ﬁé@% Bt her
conponents do not negatively affect the activity of the enzyne

conposi t i orfdd9sy ©r BieaMiiRer & Haleo AL Jiol 2koHhIsPAUndh b RPAUbi208 RobRds Ped teIof ul yti ¢
and hem cellulytic activity. The enzynme conposition may preferably contain
| i pase. Surpampidng pylp bassd oA dhedrisd falldsoyrigdit of Ky sbdap sl rylR wors prefeladly: t hose
described in U S Patent No. 5,356,800 to Jaquess, U.S. Patent Application
No. 09/ 331, BBoaton Apopedspgrtey topapout 196 p@indypri tannt dhe enzXewealcoRisitioe atsedn No.
WO 99/43780, all incorporated herein in their entireties by reference.

Q her exenpbatryatipapée shdgd roayp edntain rawcPrngném2l peperméldang palp-tigetingsastive 5
according to the present invention to treat the sludge are BUZYME(err) 2523
and BUZYME(esryme, batrdfershlyyaoptame wpo thiat hiag sl |ul st detivipaisichlis @ deldase Bonhorean
Laboratories International, Inc., Menphis, Tennessee. The enzyne

conposi t i orDtherebmparizhts camht atesemt i lomg @lbest ot tammbeut dBSonbgativedy gffidct
enzynme based on the dried solids weight of the conposition, nore

pr ef er abl y,thd naivitalbdtiie SymeQormposhido.ubreZbtyhDhevemizghd canpogitien edligisebatimount s
can vary and can be bel ow or above the ranges provi ded dependi ng upon the
speci fi® enzpmiras and @micéikingic attwty. The 2yyRS carhpositfod iy paifesblpameth Ipasd. hei r

activity. The preferred enzynme conposition can further contain

Suitable enzymes and enzyme-containing compositions include those described in U.S.

Patent No.. 5,356,800 to Jaquess, U.S. Patent Application No. 09/031,830 filed February 27,

1998, and International Publication No. WO 99/43780, all incorporated herein in their

entireties by reference. Other exemplary paper making pulp-treating enzymes that can be used

15 according to the present invention to treat the sludge are BUZYME™ 2523 and BUZYME™

2524 enzyme compositions, both available from Buckman Laboratories International, Inc.,
Memphis, Tennessee.

The enzyme composition preferably contains from about 1% to about 30% by weight

enzyme based on the dried solids weight of the composition, more preferably, from about 5%

20 to about 20% by weight enzyme. These amounts can vary and can be below or above the

ranges provided depending upon the specific enzymes used. Generally, enzymes are

formulated based on their activity. The preferred enzyme composition can further contain

polyethylene glycol, hexylene glycol, polyvinylpyrrolidone, tetrahydrofuryl alcohol, glycerine,

water, and other conventional enzyme composition additives as described, for example, in



pol yet hyl ene gl ycol, hexyl ene glycol, polyvinylpyrrolidone, tetrahydrofuryl
al cohol, glycerine, water, and other conventional enzyme conposition

addi ti veswadsdesss i bed, for exanple, in WO 03/048454 PCT/ B60a/S878888 U. S.
Pat ent No. 5, 356,800. A preferred enzynme conposition contains about 65 %

gl ycerine (CAS# 56-81-5 FDA K - D), about 20 % Savi nase 16.0L (protease
enzyme from NOVO Nordi sk), about 14 % water (CAS 7732-18-5), and about | %
PVP-K15. (100 % pol yvi nyl pyrrolidone of nolecular 5 weight of about 9,700),
al | based opstBgenk Rbad 35680ght % of the enzyme conposition. Another
preferred enzyme co O0sition useful according to the present invention

%1, SL nISDlr apyl enc. B ‘3@4 g*éxé%ééﬁ%“ Hghef t%%%?é‘?f%é@% PPa 348, (:OO
About ?Z%po?“s"f%b@ﬁ?b" e ﬁ?“f‘*@t g@fyﬁ% RENPRS #ﬁ%d”&iﬁﬁéﬁaé% bt
cationi ¢ pQ Alce %?‘PS ﬁsol g%fl (gat'fomt F9% VP (Mb ‘ﬁd)o\mvinﬁlpyrr? ﬁio?ene lecy atrS in

t he forn1of er - cross ' nke anlne)

al | bas t he tot t h n osition. .The enzyne

conp05|t|on %QROE%WF ﬁwgaﬂggﬁé%“gﬁitégwgigﬁgf%FnF)Bﬁgﬁnmg?mﬂoth and

preferably contg*n& a hugp concentrati n of ﬁter e an&%or | i pase.. The

|i pase can be détofeh PETerTed snrgg 8?’8‘&?5 'PBrHS?}f\ 8?°8 e s B rRIEE™( gvejition

pancreatic |lipase) or_fromvar]i nd/ acte and/ or ot her

ni cr oor gani %) '"Séi O VHE @d‘esu% {]ggpea}t‘%’f %PI fri AFy epgg)f:qﬂ é&gll/gllﬁcer ol

acylhydrolase and trla%é ycer ol ase Al so, %h% i pase or esterase

capabl e of PyRMeneyHyseyC P’lf’gPVc@r ﬁo%%lu EF@)QOWé‘?CHP‘a r paper/pulp regks abyh be

used. Commercially availabl e products contalnlng esterase or |ipase can be
2

used. For i 18t additionalpypsey ad ingrt ngnedicataansabyit e pf 2 BMA-EBI-ERA teseolyerda and

are avail abl e from Buckman Laboratories International, Inc., Menphis,
TennessEe. IPvourdiuns meleewdiniweighs uratiabic e pelyanyine s comprisingaspiReleiohydsia ApK
Novocor ADL, Pancreatic Lipase 250, Lipase G 1000, G easex 50L, and

G easex 100dimetbglamipe wrigsd innthehegform of a water-soluble polymer cross-linked with

ethylenediamine), all based on the total weight % of the enzyme composition.
The enzyme composition can contain at least one esterase or lipase, or both, and
preferably contains a high concentration of esterase and/or lipase. The lipase can be derived or
15  isolated from pancreatic sources (e.g., pancreatic lipase) or from various fungi and/or bacteria,
and/or other microorganisms. Examples include, but are not limited to, triacylglycerol
acylhydrolase, and triacyl glycerol lipase. Also, any lipase or esterase capable of hydrolyzing
triglycerides to glycerol and fatty acids can be used. Commercially available products
containing esterase or lipase can be used. For instance, Buzyme® 2515 and Buzyme® 2517
20 can be used and are available from Buckman Laboratories International, Inc., Memphis,
Tennessee. Products containing suitable enzymes, such as Resinase A2X, Novocor ADL,
Pancreatic Lipase 250, Lipase G-1000, Greasex 50L, and Greasex 100L, can be used in the
methods of the present invention. Such products are available from such commercial sources

as Genencor and Novo Nordisk. The esterase or lipase described in U.S. Patent Nos,



met hods of the present invention. Such products are available from such
commerci al sources as Genencor and Novo Nordi sk. The esterase or |ipase
descri bedwDre3/ss354 Pat ent Nos. WO 03/ 048454 PCT/ US02/ 37898 PCTAISH2/31878 952 and
5,356,800 can be used in the present invention and these patents are
incorporated in their entirety along with any other patents or publications
mentioned in this application, by refegence herein. The enzyne or |ipase
can generally be used in any form such as I|qU|d formor solid form
Preferably, n f ster jase U A th h t he
present i n\;e#tg%% a%% ufﬁs i cf"eﬁ P resen? PGS a'}d rﬁ%tse %gt%m? a%
retention af sizin esi ce to

reversi on. ‘ngoéf}l‘?‘"g‘(ﬁ' tg‘?afbfm'feéy 8?“%&@?3%8 CSFS °r|P“E O'Qr'%e“f'?rbe@“a'tt)}%t

0. 005 | bs. to ahou 0 IbE Eei ton of lud e base@ylon t(ﬂe dr ed SO}|1I ds
wei ght of taReli Y'%é&mf%&% SFiBs 'Pea%‘lzvn?? SBEuEnE beISER R 3 OEBO%‘P 2 o
pounds per ton, and nost preferably from abqut 0.05 pound to ab .
pound per taSHagd famergelibReraPEfFa ﬂtﬁ’r‘*‘i‘"@ﬂ“tf%egﬁlaﬁed’é '%Fﬁ?f’f’ iR the OQT’ udge.
The esterase and |ipase _conpositions_are preferably stabilized

conposi i orfS thesarepgnttinenticsifen apouh s TR fq IHwEP Ve fZlES MPEYE aHENntiRB 8T signg 56, 800
and 5,780,283, which are incorporated herein in their entireties b}/

ref erence. materiptoprdkor ippeve Fessunen ot iReisianr  Rreferredrasaunts of §9erase aA/0r t he
enzyme conposition contains at |east one polyani de oligoner and at |east
one enzyne.lipifvearp Gopeatputd-008 lpx tosabatt 4.6 1bs1Br san ofrsindee based e thie vleied gplids
stabilize the enzyne. Exenplary enzyne conpositions containing polyam de

ol i gonmer s andgle nfthmeledger mogesderie domrmbouitddd panidagn aboupdBiposts derAppland at i on
No. WD 99/43780, which is incorporated herein in its entirety by

ref erence. rAastpretrably fram stoet (00eand toi abue 05 pennd pen ned slydge beserdpo dietdrieth can
include a conbination of two or nore different enzynes. The enzyne
conposi 0 onsolidsnweipietl afdies, slfidpe. TAO estxrasepdnd, lipasecamipbsitdris are prfecablyi pabilezednd a
cellulase, and optionally can include a stabilizing agent. The stabilizing
agent may h@nmpofi@dny aling theabing@ai®fis described in U.S. Patent Nos. 5,356,800 and 5,780,283,

which are incorporated herein in their entireties by reference.
In another preferred embodiment of the present invention, the enzyme composition
contains at least one polyamide oligomer and at least one enzyme. The polyamide is present in
15  an amount effective to stabilize the enzyme. Exemplary enzyme compositions containing
polyamide oligomers and enzymes are described in International Published Application No.
WO 99/43780, which is incorporated herein in its entirety by reference.
According to the present invention, the enzyme composition can include a
combination of two or more different enzymes. The enzyme composition can include, for
20  example, a combination of a lipase and a cellulase, and optionally can include a stabilizing
agent. The stabilizing agent may be a polyamide oligomer.
The enzyme may preferably act to: degrade the papermaking sludge; to reduce waste
water solids; to reduce Biological Oxygen Demand (BOD); and to reduce Chemical Oxygen

Demand (COD). Preferably, the enzyme acts to reduce stickies, surfactants, contaminants,



The enzyne may preferably act to: degrade the papernaking sludge; to reduce
waste water solids; to reduce Biological Oxygen Denand (BOD); and to
reduce Chwoiocals4sExygen Denmand (COD). Preferably, the enzpos/:02/3780% reduce
stickies, surfactants, contam nants, WO 03/048454 PCT/ US02/37898 -10
fines, and anionic trash in the sludge and in whitewater and recycl ed
papers used for nmaking sized paper pulp and paperboard products. The
amount of enzyme conposition to be addéd to a papermaki ng sludge in
accordance with the present inyention ig.an anmoynt effective t i npr ove
S g ity ang ST oM el SR B PR S aresied Fppaveed BoraiBhoe t o
size 5 reversion. For exanple, the enzyne ma}/%tlrje added tq.the sl(%gge in any
amount , suciedBaRTHPY!B 2ndiRFpYDIAd Doy TRty eNpYIRECOMMPgSitianP b 2945948 or
nore by wei ght enzyme, with preferred ranges being in an anount of from
about 0. 00G1PFEIHkEE g ImaEIEdBYee Wity e RETPSYINBVaIEaLEF aropmene eHFGtiNe ol i ds
wei ght of the sludge, nore preferably from about 0.001%to about 0.100% by
wei ght, andmaove s dmpieys retensien 5 olding matssoh 1a8d/ah HURToY: (BBARSE tefight . 10
The enzyne-treated sludge can generally be added at any |ocation of the
paper maki ngevepriane 495 exgaplepthe eeayatsimayibs addpddel thesludge in@ny praous sHBIoR UPIte a
paper maki ng system Preferably, the enzyne-treated sludge is added prior
to the whi tl&0%terweght enzymsroe lgss thbed %ob 0 Yp i wprethy welight enpywhi wigh plafssed and
even nore preferably, prior to the blend chest. Preferably, the enzymne-
treated sl udges bsngodadmpnitar fiom abhe F1008% to ebaun&N0G%n bp weepeenaaké bayed
process, which is generally 15 |located before the blend chest. After

conbi ni ng tdaehedirdrsotidsiweighpofl the siidga, mbre pefieghigfrom abdue .08 | % dgahout hE0%
resulting treated pulp or stock can then be processed by a conventi onal
paper maki NnGyRRidht, ARd tSiepgeferatdniten abaun 100198 pedboadd.03¢. byeedighitques. Cationic
starch may be added to the pulp or treated pulp of the present invention to
20 formoea star citht e@dnedreitd PudgSleat ety bdaidadisiedy RcatRef @e papsr@aling Nt S

al ong the fl ow of paper

process but preferably is added prior to the headbox in a papermaking system. Preferably, the

enzyme-treated sludge is added prior to the whitewater silo, more preferably, prior to the

machine chest, and even more preferably, prior to the blend chest. Preferably, the enzyme-

treated sludge is added prior to the first refiner in a papermaking process, which is generally
15  located before the blend chest.

After combining the papermaking pulp with the enzyme-treated sludge, the resulting
treated pulp or stock can then be processed by a conventional papermaking machine using
conventional papermaking techniques.

Cationic starch may be added to the pulp or treated pulp of the present invention to

20 form a starch-treated pulp. Starch may be added at one or more points along the flow of paper
making pulp through the papermaking apparatus or system of the present invention. For
instance, cationic starch can be added to a pulp or stock at about the same time that the
enzyme-treated sludge is added to the pulp or stock. The cationic starch can alternatively or

additionally be added to the treated pulp after the pulp is first treated with both the enzyme and



maki ng pul p through the papernmaki ng apparatus or system of the present

i nvention. For instance, cationic starch can be added to a pulp or stock
at about wbessssestime that the enzynme-treated sludge ispraddsd2sm9g he pul p
or stock. The cationic starch can alternatively or additionally be added
to the treated pulp after the pulp is first treated with both the enzyne
and WO 03/048454 PCT/ US02/ 37898 -11 C{a]t]i_oni c polyner. Preferred cationic
starches include, but are not limted to, potato starches, corn starches,
and ot her wet-end starches, or.conbinatiops thereof. . venti onal anounts
of starch éﬁwnﬁepoéﬁ’&"é'dTﬁfeger'feﬂéatﬁ’ﬂfcgstgaé&e%f"SE‘a?’ bﬂﬁar&?gtnlbmle% % Bf %?\?rc%fs’ starch
that can be used according to the present.invention is fromabout 5 to
about 5 2§°'Bé@fﬁ?§s’6‘¥{°te’%%e '%{‘éiéffr%‘gs Ph@"ﬁ’maaepsgmf?o s wei ght of the pulp or
stock. In addition to or in PI ace of the starch, a rricropﬁlrticle additive
may be added t oCPRENtigNa| pmepntsyystarg "ohfr*idHE)J fontbe prigcEstlock T SXCEPEPAr ti cl e
additive can nodify the charge of the pulp, or nodify the charge of a
conmponent @Mmopf sarep thatpae hejusedassereing (testhg dessent dnyention 1plom pbgut S & aholt e, a
charging or nodi fying agent, a filler, a coagul ating agent, and/or a
retenti gn &P eountle parrien basedrassha dried selidg aigieht fdhegup ¢stogk-nat ural or synthetic
hectorite, bentonite, zeolite, alumna sol, or any of conventional:
particul at e addirn tddigionde oningplacs Gfuthetstarehn 8 seicreparti¢le additiyetmpay bgraddedaopheci de
may be added to the pulp or -stock before or after the addition of the
enzyne- tr eatped asy tirdgdurinEdhe preeesp| Bne neicioparti¢lel edditiye ce madidiethe charge! the eat ed
pulp or stock in a blend chest after the pulp has been treated with the
enzynme- t r epuipdosthodifyehe Biage iofle soroment|of the pulpe ThSmpagperticlealditige qanlbp.sfor
according to the present invention include biocides well known to those

ski |l | ed i n ekfmplard chafging @xanljfyiag aBUSAN{lEr,ra) codgiding ayat,| aathoea fatomvBaidk man
Laboratories International, Inc., Menphis, Tennessee. In the nethods of

t he pragentThe myiedpirtdle adifitive @& be ® AGu@DbYsYRthetiatic@tigpbddeniteldedlitt, alyniies t r eat
the sludge prior to introduction of the sludge to a papernmaki ng pul p. At

| east one Rel, ¥ of conventional particulate additives as are known to those skilled in the art.

9

A biocide may be added to the pulp or stock before or after the addition of the enzyme-
treated sludge. For example, a biocide may be added to the treated pulp or stock in a blend
chest after the pulp has been treated with the enzyme-treated sludge. Biocides useful in the

15  paper making pulps according to the present invention include biocides well known to those
skilled in the art, for example, BUSAN™ 1130, available from Buckman Laboratories
International, Inc., Memphis, Tennessee.
In the methods of the present invention, at least one polymer can also be added to pre-
treat the sludge prior to introduction of the sludge to a papermaking pulp. At least one polymer
20  can be added together with the enzyme composition at about the same time. Alternatively or
additionally, one or more polymers can be added before or after the introduction of the enzyme
composition. For instance, the polymer(s) can be added one hour or less before or after
introduction of the enzyme composition to the sludge. Preferably, if a polymer is added to the

sludge, the polymer is a water-soluble polymer and is more preferably a cationic water-soluble



20 can be added together with the enzyne conposition at about the sane
time. Alternatively or additionally, one or nore polyners can be added

bef ore orwafoBeussshe i ntroduction of the enzyne conpositi ®aT/USe2/3i8p%t ance,
t he pol yner(s) can be added one hour or |ess before or after introduction
of the enzyme conposition to the sludge. Preferably, if a polyner is added
to the sludge, the polyner is a water-spluble polymer and is nore
preferably a cationic water-solubl e WO 03/ 048454 PCT/ US02/ 37898 -12

pol ymer. w L yBrS b t o,
epi chl or om e?'dl %rﬁH?amBﬁe g%l yR%?ElL%EPPC ) a(r%\d cr ossoﬂ |ln tee sOY uti ons
t hereof, pal th amoni % [?l\/g%
DADVAC/ acr yelp'CM%c@ %%nﬁ%fnetwelam% Jr%eﬁse%g%ll yne sa"(?l 4> Sﬂlgt'onfh%‘erﬁgl’ ymer,
if usedlntr t hod f the pr | aﬁ}%}ﬁ'ﬁ used i
amount and B gfa a‘E)’Wﬁ’P' ayyey CFIEW gébéﬁi%%rb %61.0 B’"ﬁf%ut 15
pounds per .ton of slud €ﬁ ed e dried solids wei H:tg of the sl udge,
more pref er'§§N§ POlyMETs, %’56 aﬁ@ fif if ysedyjp e “i?jh?flélf?ﬁ AESENtIENEA: S| udge
based on t he dr| ed .solids wei 8 of t he sl udge, and nore ﬁr eferably from
about 1 poufti®t bseaBdbEY %noaam Prefessbly Brflogreedimpayef rsnaoyt Gh PeyRd tRiRbaYY
solids weight of the slud 10 The enzyme conpositions can also optionally
contai n ot hierPoRBthRSAtINEH & “dﬁa??é?d ony ﬁhééf‘?ﬁe??ﬂ'dizw&’ﬁhtd%ﬂ@ Brdeprpere arednetdy such
as, but not limted to, surfactants, solvents, suspenS| on aids, clays or
other fill efosm abomed-ahpaund i ehout \apougdsser tonfof elbdze bagaden thasdrigd splids eveight
polyners such as cationic, anionic, and non-ionic polyners, dyes,
pi gnent s, défthsathies, and maiel pm&rabfygfrcag @baus | poushtozabout] LpAundmitr dnhafrsiudge
convent i onal paper neki ng or paper processing additives. These 15 additional
i ngr edi ent dagdenite dried salids weightafithestiddd. nat i on and can be used in
conventional anounts. Generally, the enzynme conposition is introduced or
br ought10i nt o cofihacihzymng lkormpmitiosd walg@lsd nopginyally aginiagm othéh eoreratiomel paper
conpositions can be introduced to the sludge during
treatment chemicals or ingredients such as, but not limited to, surfactants, solvents, suspension
aids, clays or other fillers, chelants, preservatives, buffers, water, stabilizers, polymers such as
cationic, anionic, and non-ionic polymers, dyes, pigments, defoamers, pH adjusting agents
such as alum, and other conventional papermaking or paper processing additives. These
15  additional ingredients can be present in any combination and can be used in conventional
amounts.
Generally, the enzyme composition is introduced or brought into contact with the
sludge in any fashion. The enzyme compositions can be introduced to the sludge during
dewatering to form sludge from a papermaking system or after formation and/or collection of
20  the sludge. The contact time of the enzyme composition with the sludge should preferably be
maximized. Preferably, the contact time should be sufficient to improve sizing of a resultant
paper or paperboard product. Preferably, the contact time is from about 1 min. to about §

hours, more preferably from about 15 min. to about 4 hours, and most preferably from about

30 min. to about 2 hours.



dewatering to formsludge froma papernmaking systemor after formation
and/ or collection of 20 the sludge. The contact tinme of the enzyne
conposi t iwo 0aiossass he sl udge shoul d preferably be maxi m zedT/iRoBSWP@DI Y,
the contact tinme should be sufficient to inprove sizing of a resultant
paper or paperboard product. Preferably, the contact tinme is fromabout 1
mn. to about 8 hours, nore preferablyjsfromabout 15 mn. to about 4
hours, and nost preferably fromabout 30 min. to about 2 hours. WO
03/ 048454 PCT/ U - L i d or
, I £
brought into co?ﬁ%é%%g?%m?%gog%m%g& E’ﬂaﬁ ?g%glp %g%*??gfoﬁﬁg%‘tp&oﬁng%l ;A %r at
various injection.points.,. or by pouring the enzyme conposition into the
S udge, or By e PishCist 8 BipROMIes i), 5P By BB IR ek s

introductiaon of the enzyne co ition.can pe.imedi ate, . sl ow-.rel ease,
e 1ol edte the st o BY GiTee <RiTR: tae® BLAiY Pr IG0L e afi i pRidrEpERE han
one type of enzynme copposition can.be ysed, m xtures can, be. used, ,or any
ot her vari &MFY8Hs CYRPSEIRY QY by imracdigte, (low-releasq,) tmed-rglease; intermitiept \apd/of o
introduced in sone fashion in order to_ inprove si zi n%. I n the nethods of
the presentcopthiya ilnAdditarempinHhag PRAERTE & ARG FMRGSIEAHap&e UseldBr BT &% d i nt o
any papernaki ng operation.. Typically, the remajning aspects of the 10
paper maki ndedpEs ot ang QenYRrgEons AHOBS AR IFASt oS Feiiaes AWippsesazyMs it iwEodteed and
can be used in order to form paper and paperboard products. Thus,

convent i ondh seRffaghiandn peleepiimprevesdaeR-wi t h  paper maki ng pul ps duri ng
preparation of pulp can be used as well in the present invention.

Cont i nuous or ndnh-teomdthedeud hapresealk inygntivac Wien égprergnentie i cBingesan BRueous
suspensions of fibers and other ingredients into dry sheets of paper or
paper boar d in®megptaluoto B8y qeparaakting wagrityonk ndwpicalye thet reorminghiaspacts o che e
Fourdrini er machines or cylinder nmachines or other papernaking devices.
Subsequiént mpeatkiendraibn tincbeshwe kgovof to plagse skillad indiviaghaed tdmebe usatsin palkdr
characteristics such as machi ne cal endering and/ or coating of the

paper sheet go doeh pdper and paperboard products. Thus, conventional additive materials used with

papermaking pulps during preparation of pulp can be used as well in the present invention.
Continuous or non-continuous papermaking machines can then convert aqueous suspensions
of fibers and other ingredients into dry sheets of paper or paperboard using such
15  conventionally known operations which involve Fourdrinier machines or cylinder machines or
other papermaking devices. Subsequent treatments of the sheets of paper to achieve the
desired characteristics such as machine calendering and/of coating of the papersheets and the

like can also be used in the present invention.
Enzyme activities, formulations, and modes of action are described in more detail in
20 U.S. Provisional Patent Application No. 60/211,942, filed June 16, 2000, and entitled
“Methods to Control Organic Contaminants in Fibers,” which is incorporated herein in its
entirety by reference. While not wishing to be bound by any theory, it is believed that the
effect on sizing achieved from treating the sludge with enzyme before adding the treated

sludge in a papermaking process, results from one or more of the following enzyme-promoted



| i ke can al so be used in the present invention. Enzyme activities,
formul ati ons, and nodes of action are described in nore detail in 20 U S
Provi si orab oBagsast Application No. 60/211,942, filed JunePt®/USBDOBIS and
entitled "Methods to Control Organic Contaminants in Fibers,” which is
incorporated herein inits entirety by reference. Wile not wishing to be
bound by any theory, it is believed that, the effect on sizing achieved
fromtreating the sludge with enzyne be#ore adding the treated sludge in a

paper maki n uIt r
Enoyrmo- pr ot (oo b igRn b5 thE TS, GeBR Sl elayted ?%“&'ﬂ;'@? Pt on
of fiber structure ib fIC tion of
ot her i mpurPEr BaPyriRes ‘th ﬁl‘ff%&e(g\sa'(‘%@ﬁ??gaaf) t(‘:yafrol% ) efllndcf}zglsflber éﬁg d
si ze-fi ber hondjng and adsor dat.ion. an |ng of fines,
and (5) WD&B?W%’PI hdsgradapnian ‘Efegﬂ‘f‘g Ogég@’iaﬂg(ﬁé’}?gf’ SRR gé‘gg‘lfa &d the present
invention, a further und S can be. 5 obtai by .refer.ence o the
fol | owi ng speci Hal‘,‘“&g&ﬁ%‘lléf éeSWﬂﬁeﬁﬁh%P@Siﬁlf deveaey ﬁ‘e&‘&ﬁ‘?’i LY"SFrSta?J‘[W%)B%
illustration only and are not intended to linmt the present inyenti
Exanpl es ThEined thycreferangg toyde; foHewige ﬁaﬁféwmbesaswh'agér%a@vw hergig F sheet
product was tested. 10 A papermaking m |l that recycl es papernaki ng sl udge
by addi ng Hwﬂﬁaﬁwfﬂhﬂ@“@1ﬂﬁb@%ﬁﬁkmﬁ %F@%@é@“ﬁb%p@§@ﬂnﬁﬁ“?%e i nvestigati on.
Sanpl es of papernmaking stock fromthe mll, papernmaking sludge fromthe
mll, and whitewater fromthe mll were collected for the purpose of
form ng handsheets that could be created in a fashion simlar to the manner
in which rBxaniphes board is created in the ml|l. Handsheets were forned
usi ng the papernmaking 15 stock with and w t hout the papermaki ng sl udge
bei ng added t o flheeftcothat aclimedympetsiakiog sludgsrhas ot p @aptee sheetrpreducowabaenta. wi t h
TAPPI standards. Exanple 1
10 A papermaking mill that recycles papermaking sludge by adding it back into a papermaking

process was used in the investigation. Samples of papermaking stock from the mill,

papermaking sludge from the mill, and whitewater from the mill were collected for the

purpose of forming handsheets that could be created in a fashion similar to the manner in

which machine board is created in the mill. Handsheets were formed using the papermaking

15  stock with and without the papermaking sludge being added to the stock. The handsheets were

created in accordance with TAPPI standards.

Example 1

Four sets of handsheets were created. One set was created out of the papermaking

20 stock and contained no recycled or added papermaking sludge. One of the sets of handsheets
was created from pulp that contained the papermaking stock and either 50 pounds or 100
pounds, respectively, of the papermaking sludge (untreated), based on the dried solids weight

of the stock and the sludge. Another set of handsheets was created from papermaking pulp

that contained the paper making stock and either 50 pounds or 100 pounds, respectively, of



Four sets of handsheets were created. One set was created out of the

paper maki ng 20 stock and contai ned no recycled or added paper nmaki ng

sl udge. Qwe osf4s4he sets of handsheets was created from pwicp/ushas7seont ai ned
t he papermaki ng stock and either 50 pounds or 100 pounds, respectively, of
t he paper maki ng sl udge (untreated), based on the dried solids weight of
the stock and the sludge. Another set of. handsheets was created from
papermaki ng pul p that contained the paper making stock and either 50
pounds or 100 pounds, ,respectiyvel af WD 03/048454 PCT{ USQ2/ 3.789 -15

al umtreat ”%'Fr ab‘%ﬁe ptegﬁono‘?f R AkIRg FRgo g’ﬁfglf’,“ tﬂﬁgﬁﬁ! %Oﬁgi Wﬁ'ggtr ‘?fetHe sol i ds
wei ght of the stock and the sludge. The alumtreate | udge. cont ai ned 20
pounds of éF%h]ag‘é)ThﬁﬂuggF' pEte atl‘tS’i‘ftreag?d dydgg gantaiy cPOHﬂ‘?Stoﬁéﬂa’r jolition geri tge

wei ght of the sludge and al.um solution. The fourth set of _handsheets was
created frdhsiydge Pk Phie gtirhsolighieistiioh reshdepapalumraiens 88 PUEAELS t her 5
50 pounds or 100 pounds, respectively, of enzynme-treated, sludge, based on
the dried dundsheets was gertedoffon Rapeenaking Py ghty ﬁﬁlef‘Ffé%ﬁge%chla{]%l@‘é‘.er The
enzyne-treated sludge consisted of the papernmaking sludge treated with one
pound of5 erffyraundsodrukO0 gunsisy regnsetively, af W@@?'tr%%cbﬂw%ﬁa basgseorythy dejeds glidels

wei ght of the enzyne solution and the sludge. The enzyne sol uti on was
BUZYME( er r )wedgr of thewsttick and ghefenagmeRteetershidgea b breatnaymeteatadt studaa eonsisigd of | nc. |
Menphi s, 10 Tennessee, and contai ned about 10% by wei ght cellul ase enzyne
(Cel I ul ase tbORPEMakifigsludgatrepied With eag puing birigwnasodwios pertton ofestid2 bpredinnls  of

al um sol ution per ton of paper naeking stock based on the dried solids

wei ght of tthedaddusnlidowaighvof hadniye sohypien andakliensudgt.odke efdymeesbfugion wakhat t he
addi tion of sludge had on the sheets was tested using the boat method,
accordi ng tRUAYMErNM®@I28| available tiont MBatkmse daboratdries Inteldationhh elnbiaMatydhist s wer e
tested in 15 a hot water bath having a tenperature of about 40C. Testing
showed fohatTdnh@sdehaet sonbhined nGowtol 094 bylgeighnsdliafisd wizo@e aSellutisg 5G0N0Y.h Tas
average life span of 1 hour and 15 mnutes) as the sheets treated with raw
sl udge, wWhighyhasd8d Moy aREQUAtaiR 70 Paiin@Sof alum solution per ton of paper making

stock based on the dried solids weight of the alum solution and the paper making stock.
The effect that the addition of sludge had on the sheets was tested using the boat
method, according to a method similar to that used in the mill. The handsheets were tested in
15  a hot water bath having a temperature of about 40°C. Testing showed that the sheets having
no sludge lasted twice as long (with an average life span of 1 hour and 15 minutes) as the
sheets treated with raw sludge, which lasted only about 30 minutes.
The sheets that contained alum-treated sludge showed about a 10% increased life span
relative to similar sheets containing the untreated sludge. However, the sheets containing the
20  enzyme-treated sludge showed about a 30% increase in life span compared to the sheets
containing the alum-treated sludge. Table 1 below shows the test results achieved from the 50
pound per ton additions of treated and untreated sludge. All weights are dried solids weight

based on the dried solids weight of the stock.



The sheets that contained alumtreated sl udge showed about a 10% i ncreased
life span relative to simlar sheets containing the untreated sl udge.
However, wbae3sksaet s containing the 20 enzyme-treated sl uege/sapseds about a
30% increase in |ife span conpared to the sheets containing the
alumtreated sludge. Table 1 bel ow shows the test results achieved fromthe
50 pound per ton additions of treated gnd untreated sludge. Al weights
are dried solids weight based on the dried solids weight of the stock. WO
03/ 048454 PCT/ US02/ 37898 -16 Table ITS§n9Ie Nunmber Amount of Sl udge Ampunt
of Sizing (Tinme seconds) (pounds per R ' of stock) (pounds per ton of

stock) 5 1 and 0020, 3 and 4 0 7 4,50 5 and.6 0 15 6,000 7 and 8 50
(untreat ed)se"ll 2 %40 é*f‘é%at%él@ge ynt r t"?g'zﬁ‘gm m50
(alumtreated) 7 2,100(H%QQ%ﬁH@%Q—géL?en§§ﬁﬁg%¥%gﬂéﬁ¥@%)3,000 These sanpl es
were duplicated several tines and the results were substantially_ 15

i dentical ifPddch case. TheUsheets treated witH 100 pounds of th%)sludge,
whet her théf§pddge was tredted or untreated, showed about a 28%P8ecrease
inlife spax®d® all categorPles conparable to those of sanpl es®994 shown
in Table | 798¥e. These resdf tustreated) cat e that addi ng sl udge to 184
paper maléi nf @ddek adver sel yS4funteates) the |ife Epan of paper shééf8 made

fromthe redandildg pul p. Tré&talumytreated) s| udge with an enzynme 2,100
13 and 14 50 (enzyme-treated) 7 3,000

These samples were duplicated several times and the results were substantially

15  identical in each case. The sheets treated with 100 pounds of the sludge, whether the sludge

was treated or untreated, showed about a 20% decrease in life span in all categories
comparable to those of samples 7-14 shown in Table 1 above.

These results indicate that adding sludge to the papermaking stock adversely affects

the life span of paper sheets made from the resulting pulp. Treating the sludge with an enzyme

20  solution prior to incorporating the treated sludge into the papermaking stock improved the life

span of the resulting sheets in hot water bath life span testing.

Example 2

In this example, a freshly-acquired composite sludge sample was treated with dosages

25  of from one pound to four pounds, respectively, of lipase per ton of sludge, based on the dried
solids weight of the lipase and the sludge. Treatment of the sludge lasted for 30 minutes, after
which time the treated sludge was mixed with a papermaking pulp at a rate of 10 pounds of
treated sludge per ton of recycled fiber based on the dried solids weight of the sludge and the

fiber. Each combined pulp slurry was sized with between 5 and 15 pounds of ASA sizing per

30 ton of papermaking stock. The ASA sizing material was emulsified with polymers. The



20 solution prior to incorporating the treated sludge into the papermaking
stock inproved the Iife span of the resulting sheets in hot water bath
life sparwbDespisagt Exanple 2 In this exanple, a freshly-aequusez3sesrposite
sl udge sanple was treated with dosages 25 of from one pound to four
pounds, respectively, of |ipase per ton of sludge, based on the dried
solids weight of the |ipase and the slugdge. Treatnent of the sludge | asted
for 30 mnutes, after which tinme the treated sludge was m xed with a

aoycl ed 151 B0l i bRe Mo RS S BRTDE mehu g s e R

fiber. Each conbin ulp, slurry was, si w th between 5 and 15 pounds of
ASA i 71 g ETTSY O OBE SRR R SRR R on i AP

emul sified with polyners. The WO 03/048454 PCT/ US02/ 37898 -17 resulting
pul ps were ?5‘?%%8?@89/ 55 a9 FE AET todSoRB s he Pt inEsardnd At EMGRRitt aken
for each sheet. The water drop tests is a standard TAPPI nethod where a
drop of wat'dfesifer e Jppe’f WAt afliveb Wil sHerd I 1eortigdngs theypesulheAsiiPRp B o
adsorb into the sheet is nmeasured. The time that it takes for the drop of
vat er to adsbkp 2iand d below. anfographically derpengieaiedhis Rigre | Hethasizing &€ cach semitang 5
Tables 2 and 3 below, and graphically denonstrated in Figs. 1-4, the sizing
of each reshandshet incrpased stiddtcrgapiag ipaseticalipen far gechdresapige bizipasietetigldechent f or
each increasing sizing material level. Table 2 Addition of 10 pounds of

sl udge per ton of papermaking pulp 10a8e2ing Results (Water Drop), in
seconds Sanpl e PoundsAdditiri gfd§@oddp ofshalige pér tai ofipagergkimomuims of si zi ng 15
pounds of sizing No. per ton of per ton of per ton of per ton of a ermakin

sl udge Paper naki ng sl udge a Sezimgkasutsg Watkg ©rep).en sgkinds sl udge 15 0 12 32 83
Sample | Pounds of Lipase 5 pounds of sizing 10 pounds of sizing | 15 pounds of sizing
No. per ton of per ton of per ton of per ton of
papermaking sludge | papermaking sludge | papermaking sludge | papermaking sludge
15 0 12 32 83
16 1 23 54 122
17 2 27 61 124
18 3 33 66 133
19 4 35 87 138




16 1 23 54 122 17 2 27 61 124 18 3 33 66 133 19 4 35 87 138 WD 03/ 048454
PCT/ US02/ 37898 -18 Table 3: Addition of 20 pounds of sludge per ton of
paper maki wo pokss4 5 Sizing Results (Water Dro , in secondecarmob/a7sPounds of
Li pase 5 pounds of sizing 10 pounds of sizing 15 pounds of sizing No. per
ton of per ton of per ton of per ton of papernmaking sludge a ernakin

sl udge a ernmekin sludge papernaking slugge 20 0 11 30 66 21 1 19 46 108

22 2 20 52 119 23 3 26 61 127 24 4 29 68 129 It wll be apparent to
those skilled in the art that various nodifications and variations can be
made to the enbodinments of the present Bgyentlon wi t hout departing fromthe

spirit or scope of thgdlp esf%B %\S/gpst&m%g ‘[?n??spa%{maaksnéérqntlended that the

1}
pr esent i nvention covers é?.l ons of this

puentian, prov ded ey cone a0 g, 0 e o e
Samp ¢ | Pounds of L‘l’pase 5 pounds SOf iz 51zmg 10 pound'é of sizing | 15 pour‘ﬂE of st. 51zmg
No. per ton of per ton of per ton of per ton of
papermaking sludge | papermaking sludge | papermaking sludge | papermaking sludge
20 0 11 30 66
21 1 19 46 108
22 2 20 52 119
23 3 26 61 127
24 4 29 68 129

It will be apparent to those skilled in the art that various modifications and variations
can be made to the embodiments of the present invention without departing from the spirit or
scope of the present invention. Thus, it is intended that the present invention covers other

10 modifications and variations of this invention provided they come within the scope of the

appended claims and their equivalents.



1. An enzyne-treated papernmaki ng sludge consisting essentially of a

paper maki ng sl udge conbined with an enzyne conposition. 2. The

enzyme-t reata4gaaper maki ng sl udge of claiml, wherein sai ®@Carmsyresod
conposition has cellulytic activity. 3. The enzyne-treated paper nmaki ng

sl udge of claim1l, wherein said enzyne conposition has both cellulytic and
hem cel lulytic activity. 4. The enzyne:{yreated papernaking sludge of claim
1, wherein said enzyne conposition has’lipase activity. 10 5. The

enzym-tremmﬁésl udge of claim1l, wherein said enzyne
conpositio d paper maki ng sludge in an anmount of from about
1.00% by wei ght ., to about O. 0t01t(ygl b\é vveiﬁ(ri]t aqt' ve enzyne b%grgfid“onott héa dried
solids wei ght of bot A"t FEVEETEY BREURE SN SIHIEE SPHRYRE BSCNHA
enzyme-treated papernpking sludge of claimb5, wherein said enzyne 15
conposi ti or?a%'ﬁfa'?‘i‘%%‘g&w@%?'&%‘ﬂ BB UEMGAI Y0 about 20% by wei ght acti ve
enzyne based on the_dried solids weight of both the actjve enzyne and the
enzyme conposit Pon. The piryeeswHed pensapakingpsipdes _ikil#Hg & ﬁ&ﬁ%‘“ CBRPBEYY on
conprising fromabout 50%to about 100% by wei ght papernaki ng sl udge, and
from abdut compesitiandiagerllulyic 2Bt  50% by wei ght enzyme conposition, based
on the dried solids weight of the papermakin 20 sl udge and the enzyne
conmposi tion. 8. 3The &z yrrmerireaed sansaprkingalideg ofl daige l.ovheseinisapd7enzyiher ei n
said enzyne conposition conprises from about 5% by wei ght to about 20% by
wei ght act icompesitioprhes bdsiasaldlyteandiemebelldgtiosstivils wei ght of both the active
enzyne and the enzynme conposition. 9. A nmethod of nmaking paper or
paper board conp#i si nGhe WRYDEAGAEH BdpePGKINGSORdB 7@0daim- P,Owherein said enzyme
composition has lipase activity.
10 5. The enzyme-treated papermaking sludge of claim 1, wherein said enzyme
composition is added to said papermaking sludge in an amount of from about 1.00% by weight
to about 0.001% by weight active enzyme based on the dried solids weight of both the active
enzyme and the sludge.
6. The enzyme-treated papermaking sludge of claim 5, wherein said enzyme
15  composition comprises from about 5% by weight to about 20% by weight active enzyme
based on the dried solids weight of both the active enzyme and the enzyme composition.
7. An enzyme-treated papermaking sludge composition comprising from about
50% to about 100% by weight papermaking sludge, and from about 1% by weight to about
50% by weight enzyme composition, based on the dried solids weight of the papermaking
20  sludge and the enzyme composition.
8. The enzyme-treated papermaking sludge of claim 7, wherein said enzyme
composition comprises from about 5% by weight to about 20% by weight active enzyme

based on the dried solids weight of both the active enzyme and the enzyme composition.

9. A method of making paper or paperboard comprising:



a) conbining at | east one enzyne conposition and at | east one papernaki ng
sludge to forman enzyne-treated sludge; b) conbining the enzyne-treated
sl udge wiwb oaogsaper maki ng pulp to forma treated pul p; ardTASe)/378es m ng
the treated pulp into a paper or paperboard product. 10. The net hod of
claim9, further conprising introducing at |east one sizing material to

t he papermaking pul p. 11. The nethod of_,claim 10, wherein said sizing

mat eri al conprises an ASA sizing enul §1%n. 10 12. The method of claim 9,
wherein said enzyne conposition contains fromahout 5 %to about 20 % by
wei ght active enzynmedFR8RHiNgAteRs! Qe SBEOFImpesien it at dgashePapsmakipg i ve
enzynme and the enzynme conposition. 13. The nmethod of claim9, wherein said
enzyme conpbEes iodpm & eqguesdreatsd WA paper maki ng sl udge in an anmount of
from about 1.00% by wei ght to about 0.001% by wei ght 15 active enzyne
based on the dried sblsadinieg Gaenpmereatd shdzawith derapamgking awa to kemst udge.
14. The nmethod of claim9, wherein said enzyne conposition conprises at

| east one tgate§aripdadol i gomer and ‘at | east one cellulytic enzyme. 15. The
met hod of claim9, wherein said enzynme conposition conprises a |lipase
enzyme. 520 16. The netfhwdngthe wéatddrpulp, intplagppdr or papedoast pyprectt r eat ed sl udge is
added in an anount of from about 1 pound per ton of papernaking pulp to
about 50 pounds Iper Tinmethod pépkimek ifurthep ubmpprrireeitroducingeat deastednestingl's
wei ght of both the enzynme-treated sludge and the papermaking pulp. 17. A
paper or pape¢radarite gpeadiaking pelple from t he nmet hod of claim9. WO 03/048454
PCT/ US02/ 37898

11.  The method of claim 10, wherein said sizing material comprises an ASA sizing
emulsion.
10 12.  The method of claim 9, wherein said enzyme composition contains from about

5 % to about 20 % by weight active enzyme based on the dried solids weight of both the active
enzyme and the enzyme composition.

13.  The method of claim 9, wherein said enzyme composition is added to said
papermaking sludge in an amount of from about 1.00% by weight to about 0.001% by weight

15 active enzyme based on the dried solids weight of both the active enzyme and the sludge.

14.  The method of claim 9, wherein said enzyme composition comprises at least
one polyamide oligomer and at least one cellulytic enzyme.

15.  The method of claim 9, wherein said enzyme composition comprises a lipase
enzyme.

20 16.  The method of claim 9, wherein said enzyme-treated sludge is added in an
amount of from about | pound per ton of papermaking pulp to about 50 pounds per ton of
papermaking pulp based on the dried solids weight of both the enzyme-treated sludge and the
papermaking pulp.

17. A paper or paperboard product made from the method of claim 9.



-21 18. A nethod of inproving sizing in a paper or paperboard product,
conprising: conbining a papernaking sludge with an enzyne conposition to
form an eNoyse4s4ss eat ed sl udge; conbi ning said enzyme-treaCeasst/smdge wWith a
papermaking pulp to forma treated pulp; 5 and form ng a paper or

paper board product fromsaid treated pul p, wherein said product has

i nproved sizing conpared to the sizing of an identical paper or paperboard
product but not having the sludge treated with enzyne conposition. 19. The
met hod of clan1ﬁg, wher

ei n sai d paper.nmakin ulp c rises a sizi.n 10
mterial. 20, THE meCHBGRSiol EVRPYA BEng R arraps o BiPAToRR arRE TP RN
conprises an ASA sizing enulsion, 21. The nmethod of ¢laim 18, wherein said
i nproved si zi ng “eBRBIESeRAPEMaking SHdeTVith 8P SREMSNCOBIPOEIY RyloMR AR ENZIME- 15 22
The met hod of claim 18, wherein said inproved sizing conprises an inproved
resi st ance tfedtedplydees eversi on. 23. The nmethod of claim 18, wherein said
enzynme conposition has cellulytic activity. 24. The nmethod of claim 18,
wherei n sai d enzyRbintgpe shzymerresiedssluige B it s papdrpakieg pulptodprn heepteddulpal yti c
activity. 25. The nethod of claim 18, wherein said enzyne conposition has
| i pase actiapfity. 26. The method of claim 18, wherein said enzyne
conposition is added to said papernaking sludge in an anount of from about
1. 00% by wei ght fermirghopapeOorO@pérbényd prodepth fromasaid vreatechpylprevhissedreshicoprodiee dri ed
solids weight of both the active enzyne and the sl udge.

has improved sizing compared to the sizing of an identical paper or paperboard product but not
having the sludge treated with enzyme composition.
19. The method of clam 18, wherein said papermaking pulp comprises a sizing
10  material.
20. The method of claim 18, wherein said papermaking pulp comprises an ASA
sizing emulsion.
21. The method of claim 18, wherein said improved sizing comprises an improved
retention of sizing material.
15 22. The method of claim 18, wherein said improved sizing comprises an improved
resistance to size reversion.
23.  The method of claim 18, wherein said enzyme composition has cellulytic
activity.
24.  The method of claim 18, wherein said enzyme composition has both cellulytic
20  and hemicellulytic activity.
25.  The method of claim 18, wherein said enzyme composition has lipase activity.
26. The method of claim 18, wherein said enzyme composition is added to said

papermaking sludge in an amount of from about 1.00% by weight to about 0.001% by weight

active enzyme based on the dried solids weight of both the active enzyme and the sludge.



WO 03/ 048454 PCT/ US02/ 37898 -22 27. The nethod of claim 26, wherein said
enzynme conposition conprises from about 5% by wei ght to about 20% by

wei ght acwowe/nesazy/me based on the dried solids weight of Pootusot/smsactive
enzynme and the enzyne conposition. 28. A paper or paperboard product nade
froma treated papernaking pulp, said 5 treated papernmaking pul p conpri sing
a papernmeking pul p and an enzyne-treat esh_papermaki ng sludge. 29. The paper
or paperboard product of claim 28, wherein said enzyne-treated papernaking

sl udge is prese in [ r . b&ki t from
about 5 poundthg'er tT g%hgpggggglra%%?’ﬁ‘gﬁ%ﬁﬁg&gSpéﬁr%%hfg% %gfm SH{J"L)efrr(Q{l on of

paper maki ngc}bBl('i]il 3% Qavsvgght tc;L Qnoﬁtnzot’/l@:' \gﬁglﬁgctmleh%e\%kg BB th%fdrig(? Mﬁdg leght of
enzyme-treate sft?’dge and the paper i ng pulp.
both the active enzyme and the enzyme composition.
28. A paper or paperboard product made from a treated papermaking pulp, said
5  treated papermaking pulp comprising a papermaking pulp and an enzyme-treated papermaking
sludge.
29.  The paper or paperboard product of claim 28, wherein said enzyme-treated
papermaking sludge is present in said paper or paperboard product in an amount of from about

5 pounds per ton of papermaking pulp to about 200 pounds per ton of papermaking pulp based

10 on the dried solids weight of both the enzyme-treated sludge and the papermaking pulp.



